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1
The Gram-negative bacterium Vibrio cholerae releases outer membrane vesicles (OMVs) during 2 growth. In this study we immunized female mice by the intranasal, intragastric or intraperitoneal 3 routes with purified OMVs derived from V. cholerae. Independent of the route of immunization, 4 mice induced a specific, high titer immune response of similar level against a variety of antigens 5 present in the OMVs. After the last immunization, the half-maximum total immunoglobulin titer 6 was stable over a three month period indicating that the immune response was long-lasting. The 7 induction of specific isotypes was however dependent on the immunization route. IgA, for 24 cholerae isolate as well as the diet, age, blood type and health status of the patient (16, 61, 79) . 25 In addition it has been recently reported that V. cholerae secreted by the host are more infectious 26 than in vitro cultured V. cholerae (1, 12, 63) . The existence of such a "hyperinfectious state" is 27 supported by a mathematical model based on epidemiological data (41) and could help to explain 28 the explosive nature of cholera outbreaks. however, appropriate sterile intravenous or oral solutions and medical expertise are not always 43 available during cholera outbreaks. The global morbidity and mortality of cholera is difficult to 44 determine because of gross underreporting, but the incidence may reach as high as 2 million 45 cases globally in a given year (82, 97 Salmonella enterica serovar Typhimurium or Helicobacter pylori (2, 22, 38, 51, 53, 83 (22, 29, 37, 51, 83) . In these studies OMV doses ranged between 0.1 to 10 µg 141 for i.p. and 10 to 250 µg for i.n. immunizations. Mice were anesthetized by inhalation of 2.5% 142 isoflurane gas prior to all immunizations. Non-vaccinated control mice were housed in parallel and 38, as well as 3 to 9 days after the first challenge, and by cardiac puncture 3 to 9 days after 148 the second challenge. The collected blood was allowed to clot at room temperature (RT) for 30 149 min after which serum was isolated by removing the blood clot using a sterile toothpick followed 150
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8 by centrifugation (15 min, 1,000 x g). The supernatant was removed and diluted 3-fold in PBS.
151
After adding sodium azide to a final concentration of 0.05% the serum was stored at -80°C.
152
Determining the infectious dose of AC53. In order to determine the infectivity of on LB plus Sm plates in duplicate. Thus, our limit of detection was 10 CFU per small bowel.
168
The dose at which 50% of mice were colonized (ID 50 ) was determined graphically from the 169 plotted data.
170
Challenge. Control and vaccinated female mice were mated with age-matched males at a 171 2:1 ratio. After at least 14 days, the mice were separated, and the females were monitored for of the purified vesicles and the OM isolated from the wild type (Fig. 1, lanes 1 and 3) (Fig. 6A) . In contrast, when mice were kept separated from their mothers a maximal 308 colonization of around 10 6 CFU was achieved with ~ 15,000 CFU or higher (Fig. 6B) dams using the same dose (Fig. 6A) . In contrast, neonatal mice from i.g. and i.n. immunized 323 dams exhibited full protection and no CFU were recovered ( Fig. 7B and C) . For the neonatal 324 mice from i.p. immunized dams colonization with V. cholerae was detectable in 2 out of 36 325 neonatal mice, but at least 10,000-fold lower CFU were recovered than in the infection of naïve 326 animals ( Fig. 7D and Fig. 6 ). Therefore, neonatal mice from immunized dams, independent of 327 the route of immunization, were protected from infection.
328
To measure long-term protection, dams were mated again after the first challenge period found that 5 to 13% of the mice were colonized, which increased to 13 to 30% when using a dose half-maximum total Ig titers over a 3 month period without further immunization.
366
Although the titer for specific isotypes in the control group stayed below the limit of 367 detection for the entire experiment, an increase of the half-maximum total Ig titers of the control 368 group was unexpectedly observed. However, this could be explained by the design of our 369 challenge experiment wherein the infected offspring was given back to the dams. Hence, during 370 the 24 h infection period the dams from the control group might have had contact with V.
371
cholerae shed from the neonatal mice and this could have triggered a slight immune response.
372
A C C E P T E D
The specific isotype immune responses were different in the mice immunized via breast-fed human infants against cholera has been shown in multiple studies (20, 77, 101 
